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Abstract 
The substitutional solid solutions (ZnSe)x (CdS)1-x of various compositions have been obtained using the isometrical diffusion 
method of binary compounds (ZnSe and CdS), modernized by taking into consideration their physicochemical properties [1]. The 
X-ray and electron microscope researches have been carried out, and crystallochemical, structural, surface-active properties 
(acid-base site strength) have also been defined. The regularities in variations of the studied properties have been defined and it 
allows to predict the potential practical use of the obtained new materials [2,3]. 
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1. Introduction 
Designing gas sensors-detectors as one of the practical aspects of our researches of the binary compounds and 
more complex diamond-like semiconductors needs not only obtaining materials with potential practical use but also 
an integrated study of their bulk and surface properties.  
In fact, noting the evidently determinant part in the sensitivity of gas sensors-detectors for physicochemical 
surface condition we must not forget its dependence on its nature and material bulk properties, chosen as a sensing 
element – sensing device.  
Therefore we need to study simultaneously bulk and physicochemical surface properties, drawing parallels and 
linking them. The latter has theoretical and practical considerations since they make it possible to draw some 
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preliminary conclusions about surface-active properties (adsorptive and acid-base) and accordingly optimal 
materials when just having information on bulk and surface-active properties, without labor-intensive researches of 
these properties.  
Taking into account the above-mentioned considerations, we have done our research. 
2. Experimental 
The subjects for study were powders (mainly fine ones) of the received solid solutions (ZnSe)x(CdS)1-x of various 
compositions, certified upon X-ray examination results, and the source binary compounds (ZnSe, CdS). 
The X-ray examination was conducted with the use of the diffractometer D8 Advance of ‘Bruker’ (Germany) in 
CuK2-emission (λ=0.15406 нм, Т=293 К) under the technique of high-angle recording [4-6] with the application of 
the position-sensitive detector Lynxeye. The powder diffraction database ICDDIPDF was used to interpret the 
obtained X-ray patterns (diffractograms), TOPAS 3.0 (Bruker) was employed to specify the lattice parameters 
(according to least square method). 
The electron microscopic study was conducted with the use of the scanning electron microscope SCM-5710 
equipped with a trouble-free energy-dispersive X-ray spectrometer. 
The surface activity was estimated by the hydrogen values of the surface isoelectric state determined by the 
hydrolytic adsorption method involving adsorbent-ampholytes. ZnSe, CdS and solid solutions (ZnSe)x, (CdS)1-x 
with specific isoelectric points of solvability minimum acted as such ampholytes. The task was to find the medium 
in which adsorbent-ampholytes release equal (very small) quantities of ions H+ or OH [8]. Having the data about 
рНiso one can estimate the average force and the correlation of acid sites and basic sites. 
3. Result and discussion 
The X-ray analysis key data are represented in Fig.1 and in Table1. 
The comparative analysis of the X-ray patterns (Fig.1), the established correlations between basic crystal-
chemical and structural properties depending on them (matrix parameters – a, c, interplanar spaces– dhkl, theoretical 
calculated crystal density – ρr), which are actually linear within one structure (Fig.2), makes it possible to conclude: 
substitution solid solutions are formed (with specified composition) in the system ZnSe-CdS; such solutions have 
both a sphalerite cubic structure (with the insignificant content of CdS - хCdS ≤ 0.03mol.) and a wurtzite hexagonal 
structure (with хCdS ≥ 0.45 mol.). In the first case the solid solutions in their structure are related to zinc selenide, in 
the second one – to cadmium sulfide. 
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Fig. 1. Component X-ray patterns in the system ZnSe–CdS: 1 - ZnSe,  2 – ZnSe0.97CdS0.03, 3 – ZnSe0.55CdS0.45, 4 – ZnSe0.49 CdS0.51, 5 – CdS. 
Table 1. The parameter values of the crystal lattice (a,c), interplanar spaces (dhk1) and theoretical calculated crystal density (ρr) of the 
components in the system ZnSe–CdS. 
x, (mole 
fraction CdS) 
Type of lattice 
 а, Е с, Е 
dhkl, Е  
сr, g/cm3 
 010 110 022 
0 
 
sphalerite 
 
5.411±0.001 - - 1.963 1.398 5.28 
0.03 sphalerite 5.432±0.001 - - 2.006 1.419 5.421 
0.45 
 
hexagonal 
4.044±0.001 6.611±0.001 3.502 2.022 1.547 5.121 
0.506 hexagonal 4.063±0.001 6.635±0.001 3.519 2.031 1.554 5.052 
1 hexagonal 4.151±0.001 6.711±0.001 3.442 2.068 1.657 4.843 
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Fig. 2. Dependencies on the composition value of the crystal lattice parameters c (1), a (4), theoretical calculated crystal density ρr (3) and 
interplanar space d110 (2) of the components in the system ZnSe–CdS. 
The electron microscopic study data (Fig. 3-6) were markedly expanded by the X-ray study results. Based on 
this analysis, the elemental composition of solid solutions and system binary components, this composition being 
practically identical with their mole composition, as well as the average particle size and the average number of the 
most numerous particles, their dependence on the system composition, were determined [9]; the surface 
polycrystalling structure with inhomogeneous distribution of crystallites, able to group into agglomerates including 
grains of various sizes (Fig. 3-6), was specified. 
 
Fig. 3. SEM image of the powder of the solid solution ((ZnS) 0.97(CdS)0.03) in phase contrast regime. 
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Fig. 4. SEM image of the powder of the solid solution ((ZnS)0.55(CdS)0.45) in phase contrast regime. 
 
Fig. 5. SEM image of the powder of the solid solution ((ZnS)0.49(CdS)0.51) in phase contrast regime. 
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Fig. 6. SEM image of the powder CdS in phase contrast regime. 
The obtained hydrogen values of the isoelectric surface condition (Fig. 7) in the series CdS → (ZnSe)x(CdS)1-x 
→ ZnSe range within 6.4 to 8.2 and demonstrate base surface properties of zinc selenide and solid solutions. 
 
Fig. 7. The dependence of isoelectric condition of surface components on the pH composition in the system ZnSe–CdS. 
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The prevailing influence on the surface basicity of the second binary component in the system ZnSe, having – to 
compare with the first component CdS (∆E=2.42 эВ) – a wider bandgap (∆E=2.7 – 2.9 эВ), is evident. It is worth 
mentioning that in the system GaAs-ZnSe with the semiconductor of the AIIIBV – GaAs type the ZnSe prevailing 
influence on the surface basicity is maintained [10]. 
The increased surface basicity of the above-mentioned components is connected with their improved activity 
towards acid gases (of the NO2, CO2  type). It is supported by full-scale adsorption studies. They showed rather low 
surface adsorption properties towards the basic gas – ammonia, the great adsorption values of СО2 – αСО2 (under 
identical conditions of αСО2 / αNH3>  1) alongside the reversible character of chemical adsorption (with rather 
weak bonds accordingly) NH3 being demonstrated (see for example Fig. 8). 
 
 
Fig. 8. The isobar of ammonia adsorption on zinc selenide at a pressure of Pн = 56 Pa. 
Gradual changing of рНизо with the composition (Fig.7) correlates with gradual changes of various physical-
chemical properties (Fig. 2). 
We note: in the series the increase of selenide content results in the decrease of the crystal lattice parameters (a, 
c), interplanar spaces (dhkl); theoretical calculated crystal density (ρr) and рНiso  increases, i.e. direct connection 
between ρr и рНiso is observed, it being quite logical. The greater ρr, and, respectively, the more dense atom 
packing in one unit of the crystal lattice, the lower their coordinative unsaturation and, respectively, the contribution 
of Lewis acid sites dependent on coordinative unsaturated atoms which determine surface acidity. In this case the 
Brensted sites contribute more and, consequently, рНiso increases on the line CdS → (ZnSe)x(CdS)1-x → ZnSe. 
4. Conclusion 
The above-mentioned connection is of theoretical and practical interest and leads to selecting materials with best 
properties (in this case for sensors-detectors) at the stage of information concerning diversified physical-chemical 
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properties (theoretical calculated crystal density ρr, in particular) without time-consuming adsorption studies as well 
as specifying acid-base properties. 
Since, as mentioned previously, component surfaces in the ZnSe-CdS system, excluding CdS, are of a base 
character, they can be recommended for manufacturing sensors-detectors related to acid gases trace components [3]. 
References 
[1] I.A. Kirovskaya, Solid solutions of binary and multicomponent semiconductor systems, Omsk, OmGTU, 2010, 400 p. (In Russian). 
[2] I.A. Kirovskaya, Predictions of surface solid solution behavior of diamond-like semiconductors, The Journal of Physical Chemistry, 1985, 
Issue 1, pp. 194-195. 
[3] I.A. Kirovskaya, Physicochemical properties of binary and multicomponent diamond-like semiconductors, Novosibirsk, SО RАN Publ, 2015, 
367 p. (In Russian). 
[4] S.E. Mirkin, Handbook on X-ray crystal analysis, Gos. Fiz.-mat lit-ry Publ., 1961, 863 p. (In Russian). 
[5] S.S. Gorelick, L.N. Rastorguev, Y.A. Skakov, X-ray and electron-optical analysis, Metallurgia, 1970,107 p. 
[6] E.F. Smyslov, Rapid X-ray test method in determining lattice constant of nanocrystal materials, Zavodskaya laboratoriya. Diagnostica 
materialov, 2006, Vol. 72, Issue 7, pp. 33–35. 
[7] J.Goldstein et al., Scanning electron microscope investigation and X-ray microanalysis: in 2 vols, Vol. 1,Mir Publ., 1984, 303 p. 
[8] I.A.Kirovskaya, E.V.Mironova, B.A.Kosarev, A.V. Yuryeva, Researches of surface-active properties of isocationic atoms ZnBVI. 
Opportunities of searching for new materials ,The Journal of Physical Chemistry, 2016, Vol. 90, No. 10. (In Russian). 
[9] I.A.Kirovskaya, M.V.Vasina, K.V.Dzyuba, M.E. Shalaeva, Regularities in the changes of bulk and surface physicochemical component 
properties in the ZnSe–CdS system, Dynamics of systems, mechanisms and machines, 2014, Issue 3, pp. 279–285. 
[10] I.A.Kirovskaya, A.V.Yurieva, I.V. Danova, Acid-base properties of the GaAs-ZnSe system surface, Physical Chemistry of Surfaces, Tomsk, 
1979, pp. 46–50. (In Russian). 
 
